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(54) METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable formation of proper 
through-electrode in a semiconductor substrate by preventing 
overhanging of an insulation film, in a manner of eaves over a 
through-hole, ? 
SOLUTION: Etching is conducted, with an interconnection layer 
and an entire layer 2 which consists of a passivation film 2a and a 
silicon oxide film 2b, as a mask. At this time, an opening 4 of the 
entire layer 2 is formed into a stepped shape, with an upper part 4a 
of the opening 4, located away from a silicon substrate 1, being 
larger than a lower part 4b of the opening 4 which is nearer to the 
silicon substrate 1. By making the shape of the opening thus, the 
entire layer 2 disappears in the lower part 4b during etching, and 
when the etching is finished, the opening width of the opening 4 
becomes equal to the width of the upper part 4a of the opening 4. 
Consequently, the entire layer 2 is prevented from overhanging the 
through-hole in the manner of an eaves, forming a proper through- 
electrode. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An insulation layer forming process which forms an insulating layer (2b) on the surface of a wiring 
layer formed on a semiconductor substrate (1), and a passivation layer (2a), An opening formation process 
which forms an opening (4) which reaches a layer (2) which doubled said insulating layer (2b), said wiring 
layer, and a passivation layer (2a) to the surface of said semiconductor substrate (1), An etching process 
which etches said semiconductor substrate (1) through said opening (4) using said insulating layer (2b) as a 
mask, In a removal section (6) in a semiconductor substrate (1) by said etching, including an insulating layer 
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and a penetrating electrode formation process which forms an electrode in said opening formation process. 
A manufacturing method of a semiconductor device expanding aperture width of the opening upper part 
(4a) which becomes a side which makes said opening (4) shape with the stage, and separates from said 
semiconductor substrate (1) among these openings (4) rather than aperture width of the opening lower part 
(4b) which consists of said semiconductor substrate (1) a near side. 

[Claim 2] In said opening formation process, thickness of a layer (2) which doubled c, said wiring layer and a 
passivation layer (2a), and said insulating layer (2b) for thickness of said opening upper part (4a) d, The 
depth which performs said etching to said semiconductor substrate (1) is set to e, If an etch rate ratio of 
said semiconductor substrate (1) to an etch rate of a layer (2) which doubled said wiring layer and a 
passivation layer (2a) by said etching, and said insulating layer (2b) is set to s, A manufacturing method of 
the semiconductor device according to claim 1 forming said opening (4) so that a relation of e/(d-c) <=s 
may be filled. 

[Claim 3]A manufacturing method of the semiconductor device according to claim 2 characterized by 
comprising the following. 

The 1st removal process that forms said opening upper part (4a) by removing said opening formation 
process to the predetermined depth to which the surface of said semiconductor substrate (1) does not 
expose a layer (2) which doubled said wiring layer and a passivation layer (2a), and said insulating layer (2b). 
The 2nd removal process that forms said opening lower part (4b) by removing until the surface of said 
semiconductor substrate (1) exposes a layer (2) which doubled said wiring layer and a passivation layer 
(2a), and said insulating layer (2b) in said opening upper part (4a). 

[Claim 4] A mask used in said opening formation process in order to form said opening upper part (4a) in 
said 1st removal process, When the maximum of the amount of mask gaps with a mask used in order to 
form said opening lower part (4b) in said 2nd process is set to T, When said etching is performed until it is 
set to depth e to said semiconductor substrate (1), width of a removal section (6) in this etching is set to f, 
If a layer (2) which doubled said wiring layer and a passivation layer (2a), and said insulating layer (2b) in 
said etching process sets to g quantity etched into a transverse direction, A manufacturing method of the 
semiconductor device according to claim 3 forming said opening (4) so that relation between (b+2 g-f) / 2 
>=T may be filled. 

[Claim 5] It continues until said opening lower part (4b) is lost in said etching process among layers (2) 
which doubled said wiring layer and a passivation layer (2a), and said insulating layer (2b), Or a 
manufacturing method of a semiconductor device given in claims 2 and 3 changing to conditions with little 
transverse direction etching that a selection ratio is small, and performing etching for silicon removal. 
[Claim 6] After performing a process of performing etching for silicon removal so that said opening lower 
part (4b) may not be lost in said etching process among layers (2) which doubled said wiring layer and a 
passivation layer (2a), and said insulating layer (2b), A manufacturing method of a semiconductor device 
given in claims 2 and 3 performing etching for insulator layer removal so that said opening lower part (4b) 
may be lost among layers (2) which doubled said wiring layer and a passivation layer (2a), and said 
insulating layer (2b). 

[Claim 7] It has the process of forming the 1st slot (4c) in the surface of a layer (2) which doubled said 
wiring layer and a passivation layer (2a), and said insulating layer (2b) before said opening formation 
process, A manufacturing method of a semiconductor device of any one statement of claim 1 thru/ or 6 
forming said opening (4) which has said opening upper part (4a) and said opening lower part (4b) in this slot 
(4c). 

[Claim 8]A manufacturing method of the semiconductor device according to claim 7 characterized by 
comprising the following. 

A process of forming the 2nd slot (8) in the surface of a layer (2b) which doubled said wiring layer and a 
passivation layer (2a), and said insulating layer (2b) before said opening formation process. 
A process of forming a crevice (9) in said 2nd slot (8). 

By forming an insulating layer (10) of predetermined thickness on a layer (2) which doubled said wiring layer 
and a passivation layer (2a) including said 2nd slot (8) and said crevice (9), and said insulating layer (2b), A 
process of narrowing width of said 2nd slot (8) and said crevice (9), and forming said 1st slot (4c) and said 
opening upper part (4a). 

[Claim .9] A manufacturing method of the semiconductor device according to claim 5 adding spatter etching 
which takes an angle of said semiconductor substrate (1) in said beer shape in order to make it shape 
which opens beer shape used as a removal section of said semiconductor substrate (1) one by one toward 
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an opening. 

[Claim 10] A manufacturing method of the semiconductor device according to claim 6 adding isotropic 
etching which takes an angle of said semiconductor substrate (1) in said beer shape, or spatter etching in 
order to make it shape which opens beer shape used as a removal section of said semiconductor substrate 
(1) one by one toward an opening. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention is applied to the manufacturing method of the semiconductor device 

which equips a semiconductor substrate with a penetrating electrode, and is preferred. 

[0002] 

[Description of the Prior Art] Drawing 14 shows the beer formation process used conventionally. He forms 
the opening 14 in an oxide film with the resist mask 13 ( drawing 14 (b)), and is trying to form the beer 16 in 
the silicon substrate 1 1 by the opening of the oxide film in the former ( drawing 14 (c)). A procedure is 
explained to details below. 

[0003]After forming the insulating layer 12b used as the mask material in Si etching of an oxide film (SiC 2 

film) etc. on the structure (the silicon substrate 1 1 , a wiring layer, and the passivation film 12a) of a 
semiconductor device, The photoresist 13 is applied and the opening 13a is formed in a desired portion by 
a photolithography (dra win g 14 (a)). Next, the wiring layer and the insulating layer 12b of the oxide film 12a 
and LSI structure are doubled, the opening 14 is formed by the anisotropic etching for Si0 2 , and 

photoresist is removed (drawing 14 (b)), Then, he is trying to form the beer 16 in the silicon substrate 11 
by performing dry etching of the anisotropy which used the oxide film 12b as the mask as shown in drawing 
14_(c). 

[O004]And after this, insulator layers, such as Si0 2 , are formed in the wall of this beer, and electrical 

conduction substances, such as metal, are embedded using plating processing etc., and by carrying out the 
thinning of the silicon substrate 1 1 from the rear-face side, the conduction substance embedded from the 
beer 16 is exposed, and it is considered as a penetrating electrode. 
[0005] 

[Problem(s) to be Solved by the Invention]However, since transverse direction etching of the silicon 
substrate 1 1 is also performed in the case of dry etching, The beer 16 formed in the silicon substrate 11 
will spread also in a transverse direction, and it will remain so that the insulating layer 12b used as the 
wiring layer, the passivation layer 12a, and mask of structure of a semiconductor device at this time may 
jump out of the beer 1 6. In such a case, when weld slag cannot perform seed layer formation of the plating 
processing to an inner wall of through hole and the enclosure of penetration is embedded with plating, the 
problem of generating a void is generated. 

[0006]An object of this invention is to enable it to form a good penetrating electrode to a semiconductor 
substrate by preventing an insulator layer from jumping out of a breakthrough in the shape of eaves in view 
of the point describing above. 
[0007] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, in the invention according 
to claim 1 to 9. An insulation layer forming process which forms an insulating layer (2b) on the surface of a 
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wiring layer formed on a semiconductor substrate (1), and a passivation layer (2a), An opening formation 
process which forms an opening (4) which reaches a layer (2) which doubled an insulating layer (2b), a 
wiring layer, and a passivation layer (2a) to the surface of a semiconductor substrate (1), An etching 
process which etches a semiconductor substrate (1) through an opening (4) using an insulating layer (2b) 
as a mask, In a removal section (6) in a semiconductor substrate (1) by etching, including an insulating layer 
and a penetrating electrode formation process which forms an electrode in an opening formation process. 
An opening (4) is made into shape with the stage, and it is characterized by expanding aperture width of 
the opening upper part (4a) which becomes a side which separates from a semiconductor substrate (1) 
among these openings (4) rather than aperture width of the opening lower part (4b) which consists of 
semiconductor substrates (Da near side. 

[0008]Thus, if it is made to become the opening upper part (4a) and the opening lower part (4b) by making 
an opening (4) into shape with the stage, in the opening lower part (4b), a layer (2) will disappear at the 
time of etching, and aperture width of an opening (4) will become equivalent to the opening upper part (4a) 
at the time of an end of etching. A layer (2) which doubled an insulating layer (2b), a wiring layer, and a 
passivation layer (2a) can be prevented from jumping out of a breakthrough in the shape of eaves by this, 
and it can be considered as a good penetrating electrode. 

[0009]As shown in claim 3, formation of an opening (4) of shape with the stage, for example, The 1st 
removal process that forms the opening upper part (4a) by removing to predetermined depth c to which the 
surface of a semiconductor substrate (1) does not expose a layer (2) which doubled a wiring layer and a 
passivation layer (2a), and an insulating layer (2b), It is carried out by having the 2nd removal process that 
forms the opening lower part (4b) by removing until the surface of a semiconductor substrate (1) exposes a 
layer (2) in the opening upper part (4a). 

[0010]In the invention according to claim 4, in an opening formation process. A mask used in order to form 
the opening upper part (4a) in the 1st removal process, If an opening (4) is formed so that relation between 
(b-f) / 2 >=T may be filled when the maximum of the amount of mask gaps with a mask used in order to 
form the opening lower part (4b) in the 2nd process is set to T, Even if the amount of mask gaps in the 1st 
removal process and the 2nd removal process can be expected and a mask gap arises, a layer (2) which 
doubled a wiring layer and a passivation layer (2a), and an insulating layer (2b) in the shape of eaves 
certainly at the time of an end of etching can be prevented from remaining. 

[0011]What is necessary is just to form an opening (4) with an opening formation process so that relation 
between (b+2 g~f) / 2 >=T may be filled if a layer (2) which doubled a wiring layer and a passivation layer 
(2a), and an insulating layer (2b) in an etching process expects the quantity g etched into a transverse 
direction. 

[0012]After performing a process of performing etching for silicon removal so that the opening lower part 
(4b) may not be lost among layers (2) which doubled a wiring layer and a passivation layer (2a), and an 
insulating layer (2b) as shown in claim 6, If it is made to perform etching for insulator layer removal so that 
the opening lower part (4b) may be lost among layers (2) which doubled a wiring layer and a passivation 
layer (2a), and an insulating layer (2b), A layer (2) which doubled a wiring layer and a passivation layer (2a), 
and an insulating layer (2b) in the shape of eaves certainly can be prevented from remaining, without having 
any influence on an opening (6). 

[001 3]It has the process of forming the 1st slot (4c) in the surface of a layer (2) which doubled a wiring 
layer and a passivation layer (2a), and an insulating layer (2b) before an opening formation process in the 
invention according to claim 7, In an opening formation process, it is characterized by forming an opening 
(4) which has the opening upper part (4a) and the opening lower part (4b) in the 1st slot (4c). Thus, when 
an opening (4) is formed in the 1st slot (4c), it can leave the 1st slot (4c) in the same shape as an etching 
process front also after an etching process. 

[0014]In this case, as shown in claim 8, form the 2nd slot (8) in the surface of a layer (2) which doubled a 
wiring layer and a passivation layer (2a), and an insulating layer (2b) before an opening formation process, 
and. By forming a crevice (9) in the 2nd slot (8), and forming an insulator layer (10) of predetermined 
thickness on a layer (2) which doubled a wiring layer and a passivation layer (2a) including the 2nd slot (8) 
and crevice (9), and an insulating layer (2b), It is also possible to narrow width of the 2nd slot (8) and a 
crevice (9), and to form the 1st slot (4c) and opening upper part (4a). 

[0015]Numerals in a parenthesis of each above-mentioned means show a correspondence relation with a 

concrete means of a statement to an embodiment mentioned later. 

[0016] 

[Embodiment of the Invention](A 1st embodiment) This embodiment explains the case where one 
embodiment of this invention is applied to the semiconductor device with which a penetrating electrode is 



JP-A-2003-31520 



5/1 3 pages 



formed. The manufacturing process of a semiconductor device is shown in drawing 1 - drawi ng 7, and the 
manufacturing method of a semiconductor device is explained to them based on these figures. About the 
process of forming a penetrating electrode eventually, since it is the same as usual, it shall not illustrate 
here. 

[0017][The process shown in drawing 1] Prepare the silicon substrate 1 as a semiconductor substrate, and 
to the silicon substrate 1 First, various elements, After performing wiring and formation 2a of passivation, 
insulating-layer 2b used as the mask at the time of etching of Si beer 6 opening, for example, silicon oxide 
etc., is formed on the surface of the composition (namely, the silicon substrate 1, the wiring, and the 
passivation film 2a in which the element was formed) of a semiconductor device. 

[0018]Then, on silicon oxide 2b, the photoresist 3 is formed, and the opening of the request portion of the 
photoresist 3 is carried out, and the opening 3a is formed. 

[0019][The process shown in drawing 2] Photoresist 3 is used as a mask and the anisotropic dry etching 
for silicon oxide removes the doubled total layers 2 with the wiring layer and the passivation layer 2a which 
constitute silicon oxide 2b and a semiconductor device to forward [ which the surface of the silicon 
substrate 1 exposes ] to prescribed depth c. This process is equivalent to the 1st removal process. The 
dent 4a which has aperture width equivalent to the opening 3a of photoresist by this in the side which 
separates from the silicon substrate 1 among the silicon oxide 2, i.e., the opening upper part, is formed. 
Hereafter, this dent 4a is called opening upper part. 

[0020][The process shown in drawi ng 3] After removing the photoresist 3, the photoresist 5 is formed 
again and the opening of the photoresist 5 is carried out into the opening upper part 4a. Thereby, the 
opening 5a narrower than the aperture width of the opening upper part 4a is formed in the photoresist 5. 
[0021][The process shown in drawing 4] A selection ratio with silicon removes the remaining total layers 2 
by the anisotropic dry etching for [ large ] silicon oxide etc. until the surface of the silicon substrate 1 is 
exposed by using photoresist 5 as a mask. This process is equivalent to the 2nd removal process, and 
constitutes an opening formation process with the 1st removal process of the above. Thereby, the opening 
4 by the opening upper part 4a and the opening lower part 4b whose aperture width is narrower than it is 
formed in the total layers 2. Then, the photoresist 5 is removed. 

[0022][The process shown in drawing 5 - 7] Dry etching of the anisotropy for silicon with a large selection 
ratio with silicon oxide etc, which used the total layers 2 as the mask is performed, and the beer 6 is 
formed to the silicon substrate 1. Thereby, first, as shown in drawing 5 , the silicon substrate 1 is removed 
according to the opening of the opening lower part 4b. 

[O023]At this time, since etching quantity is large, the silicon substrate 1 is etched also into a transverse 
direction, and since the beer 6 is formed so that it may spread rather than the opening of the opening 
lower part 4b, it will remain so that the total layers 2 may jump out in the shape of eaves to the beer 6. 
However, since a part for the selection ratio of Si0 2 to Si and the total layers 2 are also etched in the 

case of formation of the beer 6, the whole surface of the total layers 2 is also so, but Especially the 
thickness of the opening lower part 4b becomes thin gradually, the aperture width of the opening 4 in the 
total layers 2 becomes equivalent to the aperture width of the opening upper part 4a eventually, and the 
aperture width of the opening upper part 4a and the beer 6 of the same size are formed. Therefore, they 
can be prevented from the total layers 2 jumping out of the beer 6 in the shape of eaves, and remaining. 
[0024]Then, the conduction substance which formed insulator layers, such as Si0 2 , in the wall of this beer, 

embedded electrical conduction substances, such as metal, using plating processing etc., deleted the 
silicon substrate 1 from the rear-face side, and was embedded from the beer 6 by removal and carrying out 
thinning is exposed, and it is considered as a penetrating electrode. 

[0025]When it does in this way, since the total layers 2 are not sticking out of a breakthrough in the shape 
of eaves, weld slag can perform seed layer formation processing for plating, etc., and. Since plating 
processing etc. can be performed good, it can be considered as the good penetrating electrode in which 
generating of the void was controlled. 

[O026]Here, the selection method of the aperture width (opening diameter) of the opening 4 in the opening 
formation process shown in drawing 2 - drawin g 4 is concretely explained to drawing 8 (a) and (b) with 
reference to the sectional view in the shown manufacturing process. 

[O027]As shown in drawing 8 (a) and (b), the aperture width of the opening lower part 4b First, a, The 
thickness of the sum total (total layers 2) of the wiring layer and the passivation layer 2a which are the 
composition of insulator layer 2bs, such as c and silicon oxide to add, and a semiconductor device about 
the thickness of b and the opening upper part 4a in the aperture width of the opening upper part 4a d, 
Width of the removal section (beer 6) in etching at the time of etching until the depth (depth of the beer 6) 
which etches to the silicon substrate 1 was set to depth e to e and the silicon substrate 1 is set to f. The 
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etch rate of the silicon substrate 1 to the etch rate of the total layers 2 by etching is set to s. The etching 
rate of insulating-layer 2bs, such as the wiring layer and the passivation layer 2a which are the composition 
of a semiconductor device, and silicon oxide added, is explained as the same for simplification of 
explanation. 

[0028]Supposing the size of each part, etc. are expressed with the above-mentioned parameter, to the 
cross direction of the opening 4, size selection of the opening upper part 4a and the opening lower part 4b 
is performed so that the relation of a<b and b>"f may be filled. That is, when the opening lower part 4b is 
arranged inside the opening upper part 4a by considering it as a<b and b>=f and the total layers 2 have 
b een eventually removed in the opening lower part 4b, size selection in which the total layers 2 do not 
remain in the shape of eaves to the beer 6 is made. 

[0029]In a actual opening formation process, the mask gap with the mask used in order to form the opening 
upper part 4a in the 1 st removal process, and the mask used in order to form the opening lower part 4b in 
the 2nd process may occur. For this reason, supposing the maximum of the amount of mask gaps is T, he 
is also trying to fill the relation between (b-f) / 2 >=T. 

[0030]It explains using the sectional view shown in drawing 9 about this amount of mask gaps. If it assumes 
that the mask gap occurred in the maximum amount of gaps as shown in drawing 9 , in the portion (space 
right portion) as for which the distance to the open end of the opening lower part 4b becomes the shortest, 
the distance will be set to (b-a) / 2-T from the open end of the opening upper part 4a. On the other hand, 
the relation to (f~a)/2 of the distance from the open end of the opening lower part 4b to the wall surface 
of the beer 6 becomes. For this reason, the portion which becomes the shortest in the distance from the 
open end of the opening upper part 4a to the open end of the opening lower part 4b must be beyond the 
distance from the open end of the opening lower part 4b to the wall surface of the beer 6. That is, it is 
necessary to be (b-a) / 2-T>= (f-a) / 2, and it will be set to (b-f) / 2 >=T if this relation is simplified. 
[0031]Therefore, by making it fill such a relation, even if the amount of mask gaps serves as the maximum, 
the total layers 2 can be prevented from jumping out of the beer 6 in the shape of eaves. 
[0032]Since the total layers 2 will also be actually etched into a transverse direction at the time of etching 
for the shape of the beer 6, When etching quantity in this transverse direction is set to g, in order that the 
part of transverse direction etching and the open end of the opening upper part 4a may take the place at 
the time of the end of etching, the above-mentioned relation is set to (b-a) / 2+g-T>= (f-a) / 2. If this 
relation is simplified, it is set to (b+2 g-f) / 2 >=T, and if this relation is filled, the above-mentioned effect 
can be acquired. 

[0033]On the other hand, to the thickness direction of the opening 4, by methods, such as selection of 
etching time, the opening upper part 4a is formed so that the relation of e/(d-c) >=s may be filled. That is, 
the silicon substrate 1 is etched and it faces forming the beer 6, and when the beer 6 is formed to the 
request depth, in the opening lower part 4b, the total layers 2 were removed thoroughly, and it is made 
exposed [ the silicon substrate 1 ]. However, thickness x minutes are actually expected as a margin to lose 
the eaves-like remainder, and it is made to be set to e/(d-c+x) =s and x=e/s-(d-c) >0. Although the silicon 
substrate 1 is etched into the part excess of this thickness sx in the opening upper part, and it is set to 6 
of step shape, and etching goes also into a transverse direction and eaves are too made also under 4a also 
in that case, since the amount of [ sx ] etching quantity of silicon is small, the amount of eaves does not 
become a problem practically. A selection ratio is made small, and if it is the silicon etching which 
suppressed transverse direction etching, the problem of the amount of eaves can be eased further. 
[0034](A 2nd embodiment) The manufacturing process of the semiconductor device in a 2nd embodiment 
of this invention is shown in drawin&JK). and the manufacturing method of a semiconductor device is 
explained to it based on these figures. First, in the process shown in drawing 10 (a), drawing 1 of a 1st 
embodiment - the same process as drawing 4 are performed, and the opening upper part 4a and the 
opening lower part 4b are formed to the total layers 2 which it had on the silicon substrate 1. And the 
same process as drawing 5 of a 1 st embodiment and drawing 6 is performed, and the beer 6 is formed to 
the silicon substrate 1. If the thickness of the opening lower part 4b becomes thin gradually and the 
etching process for formation of the beer 6 is advanced as it is at this time, the opening lower part 4b will 
be lost eventually, but as he cannot follow an etching process, it leaves the opening lower part 4b, until the 
opening lower part 4b is lost. 

[O035]And it replaces with etchant for silicon removal, and the total layers 2 are etched using the 
anisotropic etching for silicon oxide film removal. Thereby, the opening lower part 4b is lost and it can 
prevent thoroughly remaining so that the total layers 2 may jump out in the shape of eaves to the beer 6. 
[O036]Thus, before the opening lower part 4b is lost, etching for silicon removal can be stopped, and the 
same effect as a 1st embodiment can be more certainly acquired by removing the opening lower part 4b by 
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etching for silicon oxide film removal. 

[O037](A 3rd embodiment) The manufacturing process of the semiconductor device in a 3rd embodiment of 
this invention is shown in drawing 1 1 and drawing 12, these figures are based on them, and the 
manufacturing method of a semiconductor device is explained to them. Drawing 1 1 and drawing 1 2 have 
shown the plan of the semiconductor device to the section composition of the semiconductor device in a 
manufacturing process, and space right-hand side on the left-hand side of space. 

[0038]First, in the process shown in drawing 1 1 (a), the slot 4c for wiring formation (the 1st slot) is formed 
in the surface of the total layers 2 which it had on the silicon substrate 1 according to a photolithography 

process. Then, in the process shown in drawing Li_(b), after forming photoresist on the total layers 2 and 

carrying out the opening of the predetermined region of photoresist, the opening upper part 4a is formed in 
the slot 4c by performing etching which used photoresist as the mask. In the process shown in drawing 1 1 
(c), the opening 4b narrower than the aperture width of the opening upper part 4a is formed in the opening 
upper part 4a by performing the same process as drawing 1 1 (b)» The formed opening upper part 4a and the 
opening lower part 4b play the same role as what was formed by a 1st embodiment by drawing 1 1 (b) and 
(c). 

[O039]And in the process shown in drawing 1 2 (a), the same process as drawing 5 of a 1st embodiment and 
drawing 6 is performed, and the beer 6 is formed to the silicon substrate 1. And in the process shown in 
drawing 1 2 (b), before the opening lower part 4b is lost, etching for silicon removal is stopped, and the 
opening lower part 4b is lost by changing to etching for silicon oxide film removal. Then, in the process 
shown in drawing 12 (c), isotropic etching is performed and the slight roundness of the corner part of the 
beer 6 is processed. 

[0040]According to the above manufacturing method, the slot 4c formed above the opening upper part 4a 
can remain in the shape where it is the same also after formation of the beer 6. Thus, when forming the 
slot 4c on the opening upper part 4a, it is possible to apply one embodiment of this invention. Here, before 
the opening lower part 4b is lost like a 2nd embodiment, etching for silicon removal is stopped, but it may 
be made to perform etching for silicon removal until the opening lower part 4b like a 1st embodiment is 
lost. 

[0041](A 4th embodiment) The manufacturing process of the semiconductor device in a 4th embodiment of 
this invention is shown in drawing 13 , and the manufacturing method of a semiconductor device is 
explained to it based on these figures. First, in the process shown in drawing 1 3 (a), the slot 8 for wiring 
formation (the 2nd slot) is formed in the surface of the total layers 2 which it had on the silicon substrate 
1 according to a photolithography process. Then, in the process shown in drawin g 13 (b), after forming 
photoresist on the total layers 2 and carrying out the opening of the predetermined region of photoresist, 
the crevice 9 is formed in the slot 8 by etching until the silicon substrate 1 is exposed by using photoresist 
as a mask. 

[0042] And the silicon oxide (insulator layer) 10 is formed in the surface of the silicon oxide 2 including the 
inside of the slot 8 and the crevice 9 in the process shown in drawing 13 (c). Thereby, the slot 8 and the 
crevice 9 are narrowed by the thickness of the silicon oxide 10, and the slot 4c and the opening upper part 
4a are formed like a 3rd embodiment. Then, in the process shown in drawing 13 (d), the opening lower part 
4b is formed by performing the same process as drawing 1 1 (c) in a 3rd embodiment. Although a next 
process is not illustrated, the beer 6 can be formed in the silicon substrate 1 by performing the same 
process as drawing 12 (a) - (c) in a 3rd embodiment. 

[0043]Thus, even if it forms the silicon oxide 10 after forming the slot 8 and the crevice 9, it is possible to 
acquire the same effect as a 3rd embodiment. 

[O044](Other embodiments) Although silicon oxide 2b used as an interlayer insulation film etc. was 
mentioned as the example and the above-mentioned embodiment explained it as an insulating layer, even if 
it is not only silicon oxide but other insulator layers, it is possible to apply this invention similarly. An 
insulating layer may be a thing of what [ not only ] is formed of one film but two or more layers. 
[0045]Although the above-mentioned embodiment has described how to form a penetrating electrode after 
the composition of a semiconductor device, it is also possible to make wiring layer formation and 
penetrating electrode formation of the last of a semiconductor device serve a double purpose. For example, 
the final wiring of a semiconductor device is formed by 4c of drawing 1 2, and an electrical connection 
mouth with the lower layer is formed by 4. If it does in this way, simplification of a manufacturing process 
can be attained. In providing a penetrating electrode in a silicon substrate also except a semiconductor 
device, the wiring layer and the PASSHIPESHON layer 12a in drawing 14 do not exist, but these eaves are 
canceled by application of this invention although the eaves by 12b arise from the beer 16. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a figure showing the manufacturing process of the semiconductor device in a 1st 
embodiment of this invention. 

[Drawing 2] It is a figure showing the manufacturing process of the semiconductor device following drawing 
I- 

[Drawing 3]It is a figure showing the manufacturing process of the semiconductor device following drawing 
2. " 

[Drawing 4]It is a figure showing the manufacturing process of the semiconductor device following drawing 

3~ 

[Drawing 5] It is a figure showing the manufacturing process of the semiconductor device following drawing 
4. 

[Drawing 6]It is a figure showing the manufacturing process of the semiconductor device following drawing 
5. 

[Drawing 7] It is a figure showing the manufacturing process of the semiconductor device following drawing 
6. 

[D rawin g 8]It is a figure explaining the size about the aperture width of the opening upper part 4a and the 
opening lower part 4b, etc. 

[Drawing 9] It is a figure explaining the size about the aperture width of the opening upper part 4a and the 

opening lower part 4b at the time of a mask gap. 

[Drawing 10]It is a figure showing the manufacturing process of the semiconductor device in a 2nd 
embodiment of this invention. 

[Drawing 1 1]It is a figure showing the manufacturing process of the semiconductor device in a 3rd 
embodiment of this invention. 

[Drawing, 12] It is a figure showing the manufacturing process of the semiconductor device following ^dcawjng 
11- 

[Drawing 13] lt is a figure showing the manufacturing process of the semiconductor device in a 4th 
embodiment of this invention. 

[Dr awing 14] It is a figure showing the beer formation process in the conventional semiconductor device. 
[Description of Notations] 

1 [ — The opening upper part, 4b / — The opening lower part, 6 / — Beer. ] — A silicon substrate, 2 — A 
wiring layer, a passivation layer and an insulator layer, 4 — An opening, 4a 
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S^^ra«K±T^itnti^e>^v\ irteibh, (b~ 

a) /2-T^ (f~a) / 2 ^fc SiKStf* fc Y) , r. <Z) 
B8«Srffiie<t:i-5i:, (b-f) /2£Ti:fcS. 
[0 0 3 1 I got, rcoi 5fcBB«Sri*fc-f-<fc 5 
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[ 0 0 3 2 ] ft*3, HK^te, tfT6(DJgtlt^ft*03i 

SBJtSM a^MPS^^1"5wi:^7i^fcfe, ±Ei 
#J1 (b-a) /2+g-TS (f-a) /2t^^ D 
70 roBB«Sr«!lfrffc;i-S4:, (b + 2g-f) /2^Tir 

[0 0 3 3] — £\ MP§P4^J?^[^^*)-bT^, xc 
^^^^WI»05B4R*^*jfeKJ:9, e/ (d-c) 

^ s <Dmm.*mtiir£ 5mp»±»4 a §r^j*b^ 

^ c -f/^fe*^ ^y^ySSi^yf-y^LTbTe 
^^i" 5 f £ BR b , tf T 6 Sr FJf Sffli $ * b ft 0# ^ 

m p 4 b ^*sv ^x±m 2 ^^(c^* s */ y 

^H.^A^, e / ( d — c + x ) = s , x = e/s — (d 
-c) > 0 fc*5«t 5^i*5o n^sx^)M^ 

= i & m P ±«-e^ y > if S rbS^^co 

y^i/if&wj&&-e%z>&, i/y ^^co^^^-^ifm 

JBWJtiSr/h* < U +^[pl^y^^^^W^ft> / y 

30 [0034] (^2^m^) siofc, ^mm<Dm2 

IIJte^1li^fctt5¥*ff3£«^»iSxe^b, 

T\ [110 (a) C^tlgTIt fl»Ml 
—12 4 ^P^XS^TftVV v-y =3>-S*g 1 <D±\£$t 
X. b tbft^Ji 2 ITSP Wf5±g|5 4afe± t^BB P 
»4bt»«t5. ^bT, Il$»W5, @6 
iPj«cr>XSSrfi 1 ?fcv\ yynyIii^brhT6 
WttvKo r.co.ht, MPg|5T§l54 b^flF^dS^ 

^ y^^ifiiu^m^ti^mmm^munrU4 b^>&< 

^V-^XSSril^^^J: 9(3ibT|JBPSBSTSfS4 b Sr^ 

[0 0 3 5] tu, ay^Sffloxyfiry 

v^, ^i2^x^fy^t5o rtui-J:^, BBP&5TAFB 
4 bds^</«et), 2^br 6 tc*j-bTt>£ btfctcfR 

[0036] ^(DXo^, BBPS8T8BS4 bds>i< 
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[0 0 3 7 ] (fg 3 HI 1 , 

1~£ c &3b\ Hi 1 s Eli 2 Til, «ffi&-flJJ^^KogX 
[0 0 3 8 ] £T\ nil ( a ) i^tiStfj;, 

btbfc^ljl 2 CD^S^ia^^fflCDm (* 1 4 c 

SrMtSo nco^, mil (b) l^tlitfj:, ± 

•v-^^ i bfc^iy^v^SrlSi"^ iT\ j*4 crtpBP 
3ia4a«t5 0 SfcK, Kill (c) jc^i-X 

g-ctt, 011 (b) ^ioii^r4^^\ m 

R«Lh«5 4 a rt*;i*3V^TMa*|S±»4 a O^P^IJ: ^) fc 
»EV^P«4 bS:»riS"*-5 0 fc*3, 0 11 (b) , 
(c) -t?^LfcWPW±«FB4 a, BBP«TS5 4btt, 

[0 0 3 9] -t lt N SI 2 (a) ^^tlgtlt, H 

ySS 1 (C^ IT t^T 6 LT V K 0 *LT, Ell 

2 (b) jc^-rxS-Ctt, BBP»TSP4 bi&sft< ftfctff 
m^y ay^oxyfymft, f y = ^Bft-f fcsJBt 

Srfc<-*- 0 r.<z>«, HI i 2 (c) jc^i-xartt, 

tt^-^f >-^£rfrV\ fcf T 6 con— ^(D&^Sr&a 
[0 0 4 0] K_h^K3t^&^cttt«, BlPg&±.S$4 a 

IB-bgfU a <D±tzffi4 c Sr^fiKi-S J: 5 &4§^*^T 
ft*5, rrTIl, *2**?KtRfc[8ltll^HlP»T*B4 b 
JBl**«tt^J:5ftll!P«T8B4 b**fc< &5 

[0041] (^4^sfe»tj) Bi3c, Jfmm<vm4 

t 113 (a) frC*i-XST?tt, 7thyy^77^ 
XSt-«tf9, 5 a v«S 1 ©±Cii bhfc^i 2 o 

El 1.3 (b) H*tI8"Ctt^ ^J12co±tc^^ b 



(6) ¥rM 2003-31520 

= ^ss i tmmir % s -e^ * ^ > ^ srjti- r > r% * 

[0 0 4 2] %z it, 813 (c) ?Jf 
8fc£ljqi0gR9rt£$tr>y » ^»{b»2 coSffi^v' U 
3^«KtBI (IMS*) lO^MtSc nixKiQ, * 

8 j: t^pflft 9 *s ^ y =3 >-mitm 1 o & 

*V * 3 Uli^ffii: 13*^*4 c*5<tt;j|P»±»4 a 

iSfl^fiKSttSe w<^«, Ull 3 (d) l:/TtX8ttt^ 

70 f 3»fitt1t5lll (c) t^IS^ff^ 

5 r fc-ewpSFST<Fi5 4 b ^Mt^c rcomcoxama 
msnMJ&tefc&ttzmi 2(a)- 

(c) tP«^>xa*tf ft? r. tT\ '>y=yiSii: 

[0043] 5^ * 8 *5<t U«DD«|5 9 SrJgfifebfc 

1^7!) ^^Hft^bWl 0 Srfl£fifci~5 i 5 ^Lttl3^ 

[0 0 4 4] (tetf>*Jto#«) ±IS*ffi^HTH, «f 
Jit LT, SP^^J^i^^v-y =^iWtlR2 bSr« 

fc^ 0 i|l6ftJittio(DBI^±o"CJK^;StuTVN5 
[0 0 4 5] Sfc, ±IBSlt«CI!S«"Ctt, 

fepTft-CfeSo *W#««^*»Ki»S:Bll 2 

(D4ct«U ^coTJii:comM^^P^4-e^i- 
^5 0 r.cD<t 9^1"^«K3tXS^ffiPi&^4rl2l^r t/^^ 

SffiSrieW^#^^^, Hi 4fcS3*taE«Wi*5j;^ 
5/^—^3 >-Ji 12a «#fib*V^dS, trr 1 6 

[m^^ffi^fetftp^i 

[mi] ^mm^mimmmm^n^^m^mm^m 

ifiXSS:^i-BI"C*)4o 
[B2] B 1 at < «*gi^lllSI:^tBTfo 

-So 

40 [83] @ 2 Cl< ^iftiiofillg^^tl tfc 
[@4] @ 3 «!< ^iftgf©iitig^t@Tfc 
[|5] 13 4tci!< ^Wflc^aroKiSXSSr^-TBI-efc 

"So 

[17] i 6 ti< ^ft8t(7)S*Xg^^tItfc 
50 [HI8] 5SPg|5±Sl54 a i: BB P SBTW 4 b t^JlPi* 
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(7) 
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[El 9 ] ^^^TttH#^jo^-5MPSR-h^4 a £PJPSB 

[HI 0] «P^(Df 2 ttf licfc^t 5^i*8t^ 
[Eli i] *i^^i3»i^fctt^tf*il^ 
[112] Sil K«K ^ft«^)RiglS^^t@ 
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[013] *«WO*4*lfe»*fctet-J'5 i l fe *fr*1t^ 

gixs £r ^ -r m fc s c 




[[33] 
5a 




1 :5/Ua>*K 



[06] 




[05] 



1 * v 

2b : mm 
4 : MPS? 
4a : Mnftfcff 
4b : BBnflLTff 




~-7~~ 
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(72)isf3^# m 

jKjftiSifWIIKttflJII 6TI 7#35^- y = 
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(10) 



#H 2003-3 1 520 



F^ — -M#%) 4M104 AAG1 BB04 DD04 DD08 DDI 5 
DD16 DD37 DD52 DD53 DD99 
HH20 

5F004 AA04 DB01 DB03 EA02 EA06 
EA10 EA28 EB02 EB08 

5F033 MM30 PP15 PP27 PP28 0Q07 
QQ09 QQ11 QQ16 QQ18 QQ37 
0Q46 RR04 XXOO 
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